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Abstract:

This report presents the fabrication and QC data of MQXFS1, the first short model@ftheta
guadrupolegMQXF) for the LHC High Luminosity Upgradét describes the conductor, the coils, and
the structure that make the MQXFS1 magri@talification tests and neoonformities arealso
presented and discussed

The fabrication oMQXFS1was started before the finalization of conductor and coil design for
MQXF magnets. Two strand design were used (RRP 108/127 and RRP 132/169). Cable and-coil cross
sections were Afirst generationo.



MQXFS1 Fabrication Report

TABLE OF CONTENTS

1. CONDUCTOR CHARACTERISTICS 3
Strand
Cable
I nsulation
Estimate of magnet short sample limit

2. COIL FABRICATION AND INSTRUMENTATION 11
Coil Fabrication
Coil Instrumentation
Electrical tests
CMM results
Non conformities

3. STRUCTUREFABRICATION AND MAGNET ASSEMBLY 20
ShellYoke Subassembly
Yokes
Coil Pack
Integration
Instrumentation, Checkout and Magnet QC

4. QUENCH PROTECTION 37
Quench Heater strips
CLIQ terminals and leads



MQXFS1 Fabrication Report

1. CONDUCTOR CHARACTERI STI CS

a. Strand

The two LARP coils in MQXFS1, QXFS03 and QXFSO05 used cables P330L1053A and
P330L1057B. They are both fabricated using OST RRP® 108/127 strands. These strandszad Ti
and have Nb/ Sn r&Snd ot yopfe)3.. 6 (Areduced

The strands were from the followg billets: 14983, 14984, 14752, 14896 and 15519. These billets
were initially qualified at 0.778 mm by OST. Subsequently, these billets which were held at 1.0 mm
diameter were drawn down to 0.85 mm. Tdhlk is a summary of the qualification data forigfhthe
strands were reacted at the high temperature plateau of 650 C/50h.

Tablel.1: Strand Parameters

Wire ID | Wire Dia.| Ic(12T)[ n(12T)[ Ic(15T) n(15T)[ Jc(12T)[ Ic(15T) NC%| RRR
mm A A A/mm? | AlImm?
RRP14752BE 0.778 619 41 326 42 2914 1535 | 0.447| 242
RRPL4752FE 0.778 622 72 331 53 2864 1524 | 0.457| 168
RRP14896BE 0.778 632 63 326 49 2898 1495 | 0.459| 289
RRP14896FE 0.778 644 47 338 39 2902 1523 | 0.467| 192
RRP14983BE 0.778 620 52 324 41 2849 1489 | 0.458| 192
RRP14983FE 0.778 607 49 320 37 2771 1461 | 0.461| 166
RRP14984BE 0.778 622 58 323 51 2815 1462 | 0.465| 283
RRP14984FE 0.778 643 32 340 42 2904 1536 | 0.466| 227
RRP15519BE 0.851 720 46 392 47 2690 1464 | 0.472] 291
RRPL5519FE 0.851 728 60 396 43 2702 1470 | 0.475| 275

The strands after being drawn to 0.85 mm were found to be slightly larger than 0.853 mm which
was set as the upper limit of wire diameter. Note that the wires used in the cable waTegaied at
170 C for 18 h.

Since the coils were reacted using a high temperature plateau of 640 C, some of the billets were
checked with this lower temperature of reaction. At the lower temperatures the loss in Jc is very small
as compared to that at the higher temperature of opadtowever, the RRR is increak by a large
fraction. Table 1.Zummarizes the data for the strands tested.

Tablel.2: Tested Strands Parameters

Wire ID Wire Dia. | Ic(15T) | Ic(12T) [ Ic(15T)[ Jc(12T)[ NC% | RRR
RRPL4752FE | 0.850 379 727 1461 | 2805 |0.457]334.2
RRPL4983FE | 0.850 382 728 1460 | 2737 |0.461]369.7
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The two CERN coils in MQXFSO01, coil 103 and 104 used cable H160C0164A and H160C0164B.

They are both fabricated using OST RRP® 132/169 strands. The gtrapdsties are given in table
1.3 and 1.4.

Table 1.3Wire Characteristics coil 103

Strand Type RRP 132/169
Billets 15948,15960,15962,1627
non-Cu fraction 46%

Max I(4.22 K, 12 TY Larger 745 A

Min 1(4.22 K, 12 TY Lower 693 A

Max RRR’ 221

Min RRR”™ 172

™ Values (from OST) for virgin wires reacted for 48 hrs at 21048 hrs at 400C, 50 hrs at 640C

Table 1.4Wire Characteristicsoil 104

Strand Type RRP 132/169
Billets 15948,15960,15962,1627
nonCu fraction 46%

Max 1c(4.22 K,12 T)" Larger 745 A

Min 1(4.22 K, 12 T) Lower 693 A

Max RRR" 221

Min RRR”™ 172

™ Values (from OST) for virgin wires reacted for 48 hrs at 2T048 hrs at 400C, 50 hrs at 640C

The coil heat treatment was carried out on tlERG2500furnace in building 927The heat treatment
schedule was the following: 48 hrs at 210 °C, 48 hrs at 400 °C, 50 hrs at 640 °C.

For coil 103, Fivd. witness samples were reacted with the coil and measured in building 163. Two
samples were round wires and the other three were strands extracted from the same cable that was use
to wind the coil. For coil 104, Six withess samples were reacted withd¢b& and measured in building
163. Three samples were round wires and the other three were strands extracted from the same cable
that was used to wind the coil.From these critical current measurements we can derive the parameters
Bco(4.3 K), C(4.3 K), Bc2(1.9 K), C(1.9 K) that allow describing the critical surface with the well
established function:

"0 6 YO8 p eq.11
where:
ok 6 T Y eq.1.2
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By using this formula to fit the critical current measurements of the withess samples, we obtain the
parameters reported in Table 1.5 and 1.6. These parameters describe the critical current of the extracted
witness sample with the lowest performance. Tiitecal current of the extracted witness sample with
the best performance can be estimated by multiplyin@tharameter by 1.035 for coil 103cat.039

for coil 104.
Table 1.51. Parameters coil 103

Temperature | Be2 C
K [T] | [KA/T]
4.30 23.6| 45.79
1.90 26.3| 52.87

Table 1.61. Parameters coil 104

Temperature | Be2 C
K [T] | [KA/T]
4.32 23.53| 47.97
1.90 26.3 | 55.47

The expected critical current of the cable is summarized in Fig. X and XX. In particular, the two
thick lines show the critical current of the cable calculated by using the parameters in Table 1.5 and 1.6
for the strand critical current; those lines repreghe minimum currents that we could expect from the
witness samples at 4.30 and 1.90 K. In the same figure, the two thin lines show the expected maximum
currents; these values are obtained via the parameters in Table IV after having m@tipsidd035
and 1.039.
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Fig. 1.1: Critical Surface for Coil 103
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Fig. 1.2: Critical Surface for Coil 104

Furthermore for coil 103, five RRRitness samples were reacted with the coil and measured in
building 163: two virgin wires, which had a RRIgual to 212, 224, and; three extracted strands. The
extracted samples had a RRR equal to 164, 178 and 186. For coil 104, siifRB$s samples were
reacted with the coil and measured in building 163: three virgin wires, which had a RRR equal to 195
222,and; three extracted strands. The extracted samples had a RRR equal to 146, 157 and 172.

b. Cable

The two LARP coils used in MQXFS1, QXFS03 and QXFS05, used cables P330L1053A and
P33QL1057B (see description belovilf.h ey ar e bot h ¢ fwith asstainlasesteel coeet i o n
using 40 OST RRP® 108/127 strandehese strands are -fioped and have Nb/Sn ratio of 3.6
(Aredmnmded ype). The st r andshbeferecabledabricagian]l ed at 17

Cable P330L1053Awas fabricated in April 204 177m of cable was made fio 195m of re
spooled strand® m of archive sample was recorddd@4m of cable was sent to NEWT for insulation.

Cable P330L1057A was fabricated in August 2014 as a single piece BB from 380m of re
spooled strands18 m of archive sample (P330L1057AD40A) was kept at LBNIm 8f which was
sent to BNL for extracted strand measurements.n340cable was sent to NEWT for insulation. While
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the cable was at NEWT, LARP decided to section the cable into two pieces.T M&%Vasked to cut
the cable in equal lengths. However, NEWT cut the two into unequal lengths of 440 200m. It
was identified that the longer piece came from the cable fabrication tail end, and the production unit
identi fier B dapphea.sP330&1057B wag esedtin coil QKRS05, widY 8m drop
after coil windingFor completion, the shorter cable piece P330L1057A was used in coil QXFS04, with
a 6.1m drop.

The cable map details are summarigedable 14.

Tablel.4: Cable Maps

Coil Cable Map Wire ID No. of Re
spools
QXFS03 P330L1053 PO08S14752R01U 4
Re-spooled length = 198 PO08S14896N01U 34
Manufactured in April 2014 P0O08514984Q01L
QXFS05 P330L1057 PO08S14752C01A 2
Respooled length = 38t PO08S14752D01A 4
Manufactured in PO08S14752F01A 10
August2014 PO08S14983A01A 15
PO08S14983B01A
POO08S15519A01A
PO08S15519C01A
Coil 103 H160C0164A HO08S15948A05U
HO08S15960A03L
HO08S15962A03U
HO08S15948A02U
HO08S15962A014
HO08S16277A03U
HO08S16277A01U
Coil 104 H160C0164B HO08S15948A05U
HO08S15960A03L
HO08S15962A03U
HO08S15948A024
HO08S15962A01U
HO08S16277A03U
HO08S16277A014

N

RPIRIW[O[ON[NFRP[A[W[O|OININIWIN| A

Same salient production details and cable parameters are sumnraiiabde 1.5

1 At the time this cable was made, the ID Scheme was still being finalized. Twastartgths were made as 108%nd 1053B. The
production unit was recorded as 1663and persisted in some LBNL record as P330L1053C. However, for all LARP purpdses a

this report, the 174 of production unit should be identified as P330L1053A. From cable map number 1057 (P330L1057) onwards,
startup lengths are identified by a number (e.g. P330L1P&7d production units by letters (e.g. P330L1AL7
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QXFS03 QXFS04/05 Coil 103 Coil 104

P330L1053A P330L1057A/B H160C0164A | H160C0164B
Cable Twist 109mm 109mm 109 mm 109 mm

(Left Hand Lay) | (Left Hand Lay) (Left Hand Lay)| (Left Hand Lay)
Top Roll ID P87 (20130409) | P87 (20130409) | Po 27/01 Po 27/01
Bottom Roll ID P88 (20130409) | P88 (20130409) | Pu 27/01 Pu 27/01
Roll Width 18mm 18 mm 18.1mm 18.1mm
Roll Angle 0.6° 0.6° 0.56° 0.56°
Mandrel ID 2717653 2717683

(20140421) (20140703) LHCDCBTA144 LHCDCBTAL156,
MandrelWidth 17mm 17mm 16.7 mm 16.7 mm
Mandrel Thickness 0.6mm 0.6mm 0.5 mm 0.5 mm
Stainless Steel ID 100L01A0513646| 119L01A0517863 | 1.4404 1.4404
Stainless Steel Core 10.(2)mm x 11.9mm x 14 mmx 0.025 | 12mmx 0.025
Dimension 0.025mm 0.025mm mm mm
italnless Steel Core Heq{ 833643 842189 519361 523435
Stainless Steel Core Lot| 11-501 14-363 519361 523435
Length Produced 177m 358m 156m 160m
Averaged Mid 1.523mm 1.522mm 1.526 mm 1.5227mm
Thickness1 0 =0.002mm) 0 =0.001mm) 0 =0.004mm) | 6 =0.002mm)
Averaged Widthl 18.146mm 18.125mm 18.140 mm 18.140 mm

0 =0.002mm) 0 =0.002mm) 0 =0.003mm) | 6 =0.002mm)
Averaged Keystone 0.540° 0.581° 0.562° 0.576°
Anglel 0 =0.014°) 0 =0.012°) 0 =0.020°) 0 =0.02%)

Cable parameters were measured by LBBME#1 during fabrication at nominal pressure oMFa.



c. Insulation

The results of the insulation thickness measurements and the cable length before and after insulation are

presented iTable 1.6
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Tablel.6: Insulation Parameters

QXFS03 QXFS05 Coil 103 Coil 104
P330L1053A P330L1057B H160C01644 H160CO0164E
Insulation Thickness 0.147mm 0.145mm N/A N/A
(vendor)
Insulation Thickness 0.144mm 0.139mm 0.147 mm 0.1420.145
(verification) mm
Length sent to vendor 174m 340m 156 m 160 m
Length received by FNAL | 169 195 156 m 160 m

d. Estimate of magnet short sample limit

Fig. 1.3shows the magnet lodohe and the critical surfaces for each coil.
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Fig. 1.3 Strand critical currents vs. total magnetic field (including-8elfl correction): values from
strand specificationsnd fit curve of measurements performed on extracted strand data from coils 103
and 104.
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According to extracted strand measurements etkpected maximum current for each coil and for the
MQXFS1 magnet is provide in Table7.

Tablel.7: Expected maximum current

Short
sample

Current | Field | Gradient| Current| Field | Gradient
43K 43K 43K 19K 19K 19K
kA T T/m kA T T/m
Coil 103 19.550 | 13.383 | 155.164| 21.50 | 14.599 | 169.083
Coil 104 19.775 | 13.525 | 156.783| 21.78 | 14.769 | 171.026
Coil 3 20.118 | 13.740 | 159.245| 22.28 | 15.080 | 174.573
Coil 5 19.725 | 13.493 | 156.424| 21.85 | 14.813 | 171.526
Magnet 19.550 | 13.383 | 155.164| 21.50 | 14.599 | 169.083

10
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2.COI'L FABRI CATI ON AND I NSTRUMENTATI ON

MQXFSO01 is comprised of 2 coils fabricated by LARP and 2 coils fabricated by CERN. All coils
are of the first generation variety with identical designs converged upon by both BEND and ROXIE
software packages. In this section we will not repeat the faiomcegchniques presented in the QXF
first generation design report [1]. Here we highlight the key fabrication parameters and measurements
that uniquely distinguish each coil.

Table2.1: Coil Overview

COIL # W&C R&l GENERAL FABRICATION COMMENTS
Location Location
Coil 3 FNAL BNL Coil oversize by 40 um at each midplane. Passed all eletéitsl
(108/127 strand)
Coil 5 FNAL BNL Passed all electrical tes{d.08/127 strand)
Coil 103 CERN CERN Keyway shifted toward transition side by 60 um near reteinad.
Passed all electrical tests. (132/169 strand)
Coil 104 CERN CERN Undersize by 85 um at each midplane. Passed all eledi&tal
(132/169 strand)

a. Coll Fabrication

The pole pieces for each coil were procured by LARP and the end parts were procured by rapid
prototyping by CERN. This provides a high level of tooling consistency for all coils in MQXFS1. The
insulation materia and thicknesses are slightly different between CERN and LARP!fgerferation
coils. Measured insulation thicknesses for MQXFS1 coils are highlighted in Table 2.2.

Table2.2: Insulation Thicknesses

Coils 3and 5 Coils 103 and 104
Thickness @ 5 MR@m) | Nominal Wé&C R&I W&C R&I
Cable Insulation 150 139- 145 N/A 142-147 N/A
ID/OD Reaction 250 Not Used | 174 (2 layers) Not Used| 173 (2 layers,
Plain fabric) Plain fabric)

ID/OD Impregnation 150 Not Used | 121(1 layer) | Not Used| not measured
Interlayer (w/ binder) 500 518 490 476 482
Tape in the ends (w/ 175 230 (ends) 213 174 166
binder)

Tape around pole (w/o 175 174 N/A 119 N/A
binder)

The amount of binder is significantly different between coils. For the above table the thickness
measurements were performed with amounts of binder identical to that used on actual coils. As a general
rule LARP applied more binder than CERN. The nominabams of binder for short coils is
summarized in the below table. To prevent popped strands near the ends LARP uses binder and CERN
uses the winding tool that prevents popped strands.

11
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The entire coil is cured with binder after winding. This suggeststlieatisable thickness of each
fabric should be measured with binder applied in an amount and pressure identical to the curing process.
This is difficult since the coil pressures vary significantly. A standard measurement pressure of 5 MPa
was chosen for mearement comparisons.

Binder does not directly cause insulation to expand. Binder adds rigidity to insulation and artificially
increases thickness if allowed to cure without compression. In other words, the fabric thickness is
determined by the cavity dihickness with which the fabric was cured in. The added thickness remains
through heat treatment and subsequent impregnation.

Table2.3: Binder Amounts

Coils 3and 5 Coils 103 and 104
Ends of each turn Minimal amount Not Used
Interlayer Insulation 31 grams / meter 49 grams / meter
Layer 1 Curing 90 grams 59 grams (33 g on middle + 1
g on each side)
Layer 2 Curing 120 grams 59 grams (33 g on middle + 1
g on each side)

The braided on cablesulation for both CERN and LARP have identical specifications but slightly
different braid parameters. Braided on cable insulation constricts growth during heat treatment and the
expansion is substantially less than allowed for by design. CERN insutatieded on with 32 carriers
while LARP insulation is braided on with 48 carriers. To maintain similar insulation thickness, CERN
insulation preferentially constricts cable width growth. LARP insulation allows more coil shrinkage/pole
gap closure. All ails fabricated to date, including MQXFS1 coils, follow this trend. Dimensional change

during fabrication are summarized below for MQXFS coils. Cable property data is based on practice
coil cross sections.

Table2.4: Fabrication Dimensional Changes

Cable Properties L2 Pole Gap Closufenm)
Property | Thickness| Width | Initial | n Before | n After
(Nominal) (4.5%) | (2.5%)| Gap Reaction Reaction
Coil 3 ~3.2% | ~0.3%| 3.89 | 2.04| 1.85 |1.39| 0.46
Coil 5 ~3.2% | ~0.3%| 3.65 |1.64| 2.01 |1.65| 0.36
Coil 103 ~3.2% | ~0.1%| 45 |1.39| 3.11 |047| 264
Coil 104 ~3.2% | ~0.1%| 2.0 | 1.6 0.4 -0.1 0.5

Table2.5: Heat Treatment Properties

Inlet Gas Flow (SCFH HT Profile
Coil Oven/Retort | Tooling| Temp| Soak| Temp | Soak| Temp| Soak
1 1 2 2 3 3
Coil 3 50 25 210°C| 72 h | 400°C| 48 h | 637°C| 48 h
Coil 5 50 25 211°C| 72 h | 401°C| 48 h | 641°C| 48 h
Coil 103 71 12 210°C| 47 h | 400°C| 51 h | 639°C| 52 h
Coil 104 71 12 209°C| 53 h | 400°C| 49 h | 640°C| 50 h

12
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b. Colil Instrumentation

All MQXFS coils were instrumented with voltage taps, protection heaters, and strain gauges. The
following table and subsequent charts describe the instrumentation installed specific to each coil. Also
included are the known instrumentation issues. All hestters and gauges occurred during cool down
and initial cold checkouts.

Table2.6: Voltage Taps, Protection Heaters, & Strain Gauges

Coil Voltage Taps Protection Heaters Strain Gauges
Design LostHeaters Design Lost
Gauges
Coil 3 None Lost LARR; SS only Axi + Azi for DC LARP Lost LARR
OL, SS/Cu IL Style and Azi
Axi + Azi for AC CERN
Style
Coil 5 None Lost LARR; SS only| AOL1 failed cold | Axi+ Azifor DC LARP
OL, SS/Cu IL ~700 V Style and
Axi+ Azi for AC CERN
Style
Coil 103 None Lost CERN Cu/SS| AO02 failed cold | Axi + Azi for DC LARP Lost LARF
design ~700 V Style and AXi
Axi + Azi for AC CERN
Style
Coil 104| A03 was installeq CERN Cu/SS| AO0O2failed cold | Axi + Azi for DC LARP Lost LARF
onturn 11 design ~700 V Style and Azi
instead of Turn 6, Axi + Azi for AC CERN
None Lost Style

13
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1832 mm 18.32 mm
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Fig. 2.4: Protection Heater Designs
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Fig. 2.5: Coil Strain Gauge Location and CMM Locations

c. Electrical tests

All coils passed nominal electricatpot and impulse tests. For reference thpdtiand impulse test
data for coil 5 is provided below. The only difference is that coils 103 and 104 impulse tests were to 2.5
kV and coil 3 and 5 tests were to 2.0 kV. Anatleal measurement summary after coil impregnation

is also presented below. All tests were at room temperature.

15
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SQXF05 Coil Hipot Checks
PHAO1 2500 / 2500 Actual / Target
PHAD2 | 2500/2500 | PHAO1 PHAO2 (< 1 uA leakage)

PHBEO1 2500/ 2500

PHBOZ | 250072500 PHEO1 PHBO2 PHBO3 PHBO4
PHBO3 | 2500/2500
LEIL REIL
PHBO4 25002500 Endshoe Endshoe
LEIL
Eren-. | 100071000 | 2500/2500 | 2500 /2500
LEOL | 4000/ 1000 2500 /2500 | 2500 /2500 | 25002500 | 250072500 | 600/600
Endshoe
REIL 100071000 | 2500/2500 | 2500 /2500
Endshoe
REOL | 4400/ 1000 2500/2500 | 2500/2500 | 2500/2500 | 250072500 600 / 600
Endshoe
Pole 500 /500
Fig. 2.6: QXFS05 HiPot Data
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Fig. 2.7: QXFSO05 Impulse Test Plots
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Table2.7: MQXFS Coils Electric Data

Post Impreg Data Coil 3 Coail 5 Coil 103 Coil 104
CoilR @ 1/mV) 179.02 181.97 185.17 185.33
L@ 20 HZmH) | Qvalue | 1.913 | 1.25| 1.915 | 1.23| N/A | N/A | N/A | N/A
Ls @ 100 Hz Qvalue | 1.733 | 3.41| 1.767 | 3.32| 1.772| N/A | 1.767| N/A
(mH)

Ls @ 1 kHz Qvalue | 1.066 | 2.00| 1.110 | 2.04| 1.623| N/A | 1.610| N/A

(mH)

Voltage Taps Al 0.174 0.015 0 0

(mV) (Inner)

@ 1Afor Coils 3| A2 0.224 0.065 0.17 0.22

and 5

@ 6Afor 103 A3 59.26 60.15 61.29 43.47

and 104

Coil 103 & 104 | A4 75.53 76.685 78.06 78.03

@

A5 75.76 76.917 78.30 78.27
A6 77.14 78.323 79.72 79.68
A7 77.35 78.534 79.92 79.90
A8 78.33 79.529 80.95 80.92
B8 78.73 79.956 81.37 81.35
B7 78.95 80.169 81.58 81.57
B6 80.26 81.508 82.93 82.90
B5 80.51 81.758 83.18 83.17
B4 81.83 83.094 84.55 84.53
B3 121.67 123.56 125.72 125.75
B2 178.82 181.71 184.99 185.04
Bl 178.87 181.75 185.15 185.31
(Outer)

Quench Heater| AO1 1.37 1.379 0.9318 0.9748
(L1,R)

omo A02 1.42 1.386 0.9285 0.9667
(L1,L)
BO1 3.23 3.132 0.6481 0.6621
(Low,L)
B02 3.21 3.123 0.5995 0.6157
(High,L)
BO3 3.27 3.182 0.6076 0.6215
(High,R)
B0O4 3.31 3.195 0.6551 0.6692
(Low,R)
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MQXFS1 Fabrication Report

d. CMM Results

As a general rule CERN QXF short coils are smaller in size than LARP coils. Variation along the
length is relatively small and should have provided for a uniform preload during magnet assembly. The
three plots below are from CMM data collected at LBNL waittoil OD and Keyway best fit. Azimuthal
Coil size is the total deviation from nominal of the left and right midplanes. Keyway shift is the amount
that the keyway is shifted with respect the nominal position. The deviation from nominal OD is the
amount tlat a best fit circle to the coil OD deviates from the nominal outer diameter.

300 —
o - Coil 3 100 © —Coil 3 £ 200 o —Coil 3
—_ Coil 5 Coil 5 2 Coil 5
£ Coil 103 o-oaeo Coil 103 [a) seehe-- Coil 103
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Distance from Lead End (meters) Distance from Lead End (meters) Distance from Lead End (meters

Fig. 2.8: CMM Results.

All coils seem to be the largest between 0.5 and 0.8 meters from the lead end coil edge. All coils
seem to be the smallest nelae toil ends. Coil ends are designed to be slightly undersized to prevent
over compressing leads during fabrication and magnet assembly. MQXFS1 will be the first LARP
guadrupole assembled with the bladder and key technique with coils of substantiantifizes. The
size variation between coils necessitated specialized asymmetric shimming during magnet assembly and
is described in detail in the magnet assembly section.

For each colil there seems to be a slight biased for the keyway to be shifted tteeMaift! side of
each coil. The magnitude of this asymmetry is quite small and well within expected values for MQXFS1
fabrication techniques and tooling.

The CERN coils have a slight concave shape as seen in the Deviation from Nominal OD plot while
the LARP coils have a slight convex shape. These deviations were accommodated in part by the
MQXFS1 assembly shim package.

e. Non Conformities

All coil fabrication non conformities are minor and should pose no ill effects on magnet
performance.
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Table2.8: Non Conformities

MQXFS1 Fabrication Report

COIL # W&C Non Conformities R&I Non Conformities Instr. Non
Conformities
Coil 3 | T Reverse easy way bend orf Temperature variation of 6°C at 6409 Lost LARP Azi SG
spool. soak.
9 Minor bowing of pole
piece.
9 Minor Insulation Fray
REPORI[2]
Coil 5 | Wedge stains and transition| B7 and A2 VTs need repair after PHAOL1 failed cold
insulation shit REPORT8 | impreg. ~700V

Coil 103| T Interlayer slightly thinner | Some impregnation dry spots in coil | PHAO2 failed cold
than nominal (0.44 mm MP and ID near the ends ~700V
versus 0.5) Lost LARP Axi SG

1 Pins between inner and
outer pole slightly magnetic
near ends.

Coil 104| 1 Loss of tension during 1 No pole gap closure during Heat | PHAOQ2 failed cold
winding of first turn of IL: |  treatment. =700V _
tension recovered 1 Accidental high flow argon purge Lost LARP Azl SG
manually. VTAPS displace] caused ~5°C dip in temperature for
of about 5 mm. 15 h during 210°C soak.

1 Pins between inner and 9 Vacuum test before impregnation:
outer pole pieces slightly mold and coiln short cut, not
magnetic near ends. possible to measure the capacitang

1 TheVTAP AO03 of the inner
layer was installed on turn
11 instead of Turn 6.
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MQXFS1 Fabrication Report

3. STRUCTURE FABRI CATI ON AND MAGNET ASSEM

a. ShellYoke Subassembly

The shells were fabricated in Europe under a CERN procurement contract, were measured, and then
shipped to LBNL fo assembly. Each individual shell was then measured again in a Zeiss Accura CMM
Inspection and pogirocessed in the Calypso software. The cylindricity was measured, and the average
radii were also measured at 5 locations along the length of each $leetlvd measurement sets (taken
at CERN and LBNL) both matched, confirming the measured dimensions.

Point X- Oe"

Fig. 3.1: (Left) A shell being measured at CERN. (RighKes conventions shown on the left;
AReperrro nuim®c e o refers to the identifying

Fig. 3.2: (Left) Shell #1 measurements. (Right) Shell #4 measurements.
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